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(54) Low pressure mercury vapour discharge lamp and ultraviolet-ray irradiating apparatus and 
method using the same 



(57) In a low-pressure mercury vapour discharge 
lamp (L) which has an effective light emission length not 
shorter than 40 cm and a lamp input density not lower 
than 0.9W/cm and which contains at least mercury as a 
light-emitting metal and an activating rare gas, the mer- 
cury is provided in an amalgam (13) with another metal, 
and a thin coating (12) functioning to trap a very minute 
amount of the mercury is formed on a glass inner sur- 
face of the discharge lamp. The thin coating (12) con- 



tains, as its main ingredient, an oxide of at least one 
metal selected from a group of aluminum, silicon, cal- 
cium, magnesium, yttrium, zirconium and hafnium. The 
amalgam (13) is secured to one or more locations of the 
glass inner surface facing a discharge space of the dis- 
charge lamp (L). Thus, it is possible to lower a neces- 
sary discharge-starting voltage and accelerate a rise 
time of a light amount of ultraviolet rays. 
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Description 

[0001] The present invention relates to a low-pres- 
sure mercury vapor discharge lamp with a relatively 
high electric power density and a relatively long effec- 
tive light emission length which is suitable for use in 
purification, sterilization, disinfection or the like of water 
by radiation of ultraviolet rays, as well as an ultraviolet- 
ray irradiating apparatus and method using such a low- 
pressure mercury vapor discharge lamp. 
[0002] Ultraviolet rays of a short wavelength range 
have been used for sterilization, decomposition of toxic 
organic substances, etc., and low-pressure mercury 
vapor discharge lamps have heretofore been known as 
sources for generating ultraviolet rays having a wave- 
length, for example, of 1 85 nm or 254 nm. Generally, the 
low-pressure mercury vapor discharge lamps contain a 
rare gas, such as argon (Ar) along with a superfluous 
amount of mercury, and a vapor pressure (vaporization 
amount) of the mercury varies in response to a temper- 
ature of a coldest portion within the discharge lamp. 
Radiation efficiency of the ultraviolet rays is closely 
related with the mercury vapor pressure; for example, 
the 254 nm ultraviolet rays present a highest radiation 
efficiency at a vapor pressure of about 6 x 10" 3 torr and 
at a 40° C temperature. At 70° C, the vapor pressure of 
the ultraviolet rays rises to about 5 x 10' 2 torr, and the 
radiation efficiency decreases by more than 20 %. For 
this reason, the low-pressure mercury vapor discharge 
lamp is normally designed such that the temperature 
during operation is held at and around 40° C. In recent 
years, attempts have been made to increase the density 
of electrical energy input to the discharge lamp (lamp 
input density) for an enhanced processing capability of 
the discharge lamp; in this case, the operating tempera- 
ture would exceed 40° C, so that there has been 
employed an approach of enclosing the mercury in an 
amalgam state. This approach comprises alloying the 
mercury with another metal, such as bismuth (Bi), tin 
(Sn) or indium (In) and placing the resultant alloy within 
the discharge lamp to thereby suppress the mercury 
vapor pressure during high-temperature operation. 
Exemplary comparison between a vapor pressure curve 
of an indium-bismuth amalgam and a vapor pressure 
curve of mercury (pure mercury) is given in Fig. 5. 
[0003] Fig. 4 shows an example of a conventional 
low-pressure mercury vapor discharge lamp. Here, ref- 
erence numeral 1 represents a light-emitting tube bulb 
formed of quartz glass, which has opposite ends her- 
metically closed by glass stems 2a and 2b. Reference 
numeral 4 represents an indium-bismuth amalgam fixed 
on the glass stem 2a. Reference numerals 21 a and 21 b 
represent a pair of filaments, which are each coated 
with a barium-oxide (BaO)-based thermoelectronlc sub- 
stance in order to permit a smooth electric discharge. 
These filaments 21a and 21b are retained on the 
respective glass stems 2a and 2b, and are electrically 
connected, via lead wires 22a, 22b and 22c, 22d, to ter- 



minals 31a, 31b and 31c, 31 d, respectively, of metallic 
caps or bases 3a and 3b. In the light-emitting tube bulb 
1, there is also contained an appropriate amount of 
argon (Ar) gas. Once the low-pressure mercury vapor 

5 discharge lamp is turned on by being connected to a 
predetermined power supply, electric discharge is pro- 
duced between the filaments 21a and 21b, so that the 
mercury vapor is increased by a heat resulting from the 
electric discharge (discharge heat) and the vaporized 

to mercury atoms are excited to emit ultraviolet rays. 

[0004] Although the mercury vapor discharge lamp 
containing an amalgam has a great advantage of ensur- 
ing a high ultraviolet-ray radiation efficiency by sup- 
pressing the mercury vapor pressure during high- 

15 temperature operation, it would present significant 
inconveniences or disadvantages due to the fact that 
the mercury vapor pressure is suppressed not only dur- 
ing the high-temperature operation but also in low-tem- 
perature conditions prior to the turning-on or lighting-up 

20 of the lamp. One of such inconveniences is that the dis- 
charge lamp can not be readily activated because a 
high voltage is required to start the electric discharge. 
Normally, the temperature within the light-emitting tube 
bulb prior to the lighting-up is substantially equal to a 

25 temperature of an atmosphere in which the lamp is 
placed. For example, in a situation where the tempera- 
ture of the atmosphere is 20° C, there exists a mercury 
vapor pressure of about 1.2 x 10' 3 torr in a discharge 
lamp containing a normal form of mercury (pure mer- 

30 cury), and the necessary discharge-starting voltage can 
be lowered greatly by the Penning effect produced by 
the mercury vapor pressure and argon gas, so that the 
electric discharge can be initiated smoothly. By con- 
trast, in a discharge lamp containing an amalgam, the 

35 mercury vapor pressure prior to the lighting-up is sup- 
pressed below 1/10 of that in the above-mentioned mer- 
cury-containing discharge lamp, which would lessen the 
Penning effect and hence raise the necessary dis- 
charge-starting voltage level. Thus, activating the amal- 

40 gam-containing discharge lamp would require a higher 
discharge-starting voltage than required for activation of 
the traditional-type discharge lamp. 
[0005] Another inconvenience presented by the 
amalgam-containing discharge lamp is a slow rise in the 

45 light amount of the emitted ultraviolet rays. It is consid- 
ered that a primary cause of such a slow rise in the light 
amount is a synergism of several factors, such as: insuf- 
ficient emission of ultraviolet rays immediately after the 
lighting-up due to an inherently small amount of mer- 

50 cury vapor within the discharge lamp; an insufficient 
lamp input immediately after the lighting-up because of 
the small mercury vapor amount; a hard-to-warm ten- 
dency of the discharge lamp due to an insufficient dis- 
charge heat resulting from the insufficient lamp input 

55 immediately after the lighting-up; and even slower evap- 
oration of the mercury from the amalgam due to the 
hard-to-warm tendency of the discharge lamp. 
[0006] Even in the discharge lamp containing the 
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mercury in an amalgam state, these inconveniences 
woutd not lead to practical problems as long as the 
lamp's effective light emission length (which equals a 
length between the filaments) is relatively short. 
Because, the discharge tamps with a short effective 5 
light emission length can be activated with a relatively 
low discharge-starting voltage and can be filled with 
mercury vapor at a rapid speed. Further, in the dis- 
charge lamp with a low lamp input density, presence of 
the above-mentioned inconveniences is not even con- 10 
sidered to be problematic, because there is no absolute 
necessity to contain the mercury in an amalgam state. 
However, the above-mentioned inconveniences would 
become serious problems with such an elongated, high- 
density discharge lamp that is often required in the field 75 
of purification processing by ultraviolet rays. Namely, in 
recent years, there has been an increasing demand for 
further enhanced processing capabilities in the field of 
the purification processing based on use of ultraviolet 
rays, and therefore a discharge lamp with a longer effec- 20 
tive light emission length as well as a higher lamp input 
density has become necessary for an increased 
processing capacity. In such a discharge lamp with a 
longer effective light emission length, the above-men- 
tioned inconveniences would become significant prob- 2 s 
lems to be properly overcome since the necessary 
discharge-starting voltage has to increase as the effec- 
tive light emission length increases and the increased 
effective light emission length results in a greater time 
lag until the mercury vapor fills the entire interior of the 30 
discharge lamp. As an example of such a discharge 
lamp, there is currently being used a high-density dis- 
charge lamp with a lamp input density exceeding about 
1 W/cm. With this type of high-density discharge lamp, 
the temperature during the lighting-up operation would 35 
become very high so that there arises a need to employ 
an amalgam with a further suppressed mercury vapor 
pressure. If such an amalgam with a further suppressed 
mercury vapor pressure is employed, the necessary 
discharge-starting voltage has to increase, which would 40 
result in a slower rise in the light amount of the ultravio- 
let rays. 

[0007] According to the concept of the convention- 
ally-known technique, an even higher voltage is 
required to start the electric discharge in the above- 45 
mentioned type of elongated, high-density discharge 
lamp. However, the even higher discharge-starting volt- 
age is undesirable, because the sterilization technique 
and technique of decomposing toxic organic sub- 
stances using ultraviolet rays are often employed in so 
applications, such as water purification processing, 
where water is processed with the ultraviolet rays and 
the excessive discharge-starting voltage could cause a 
breakdown (electric discharge through an insulator) of 
related equipment. Further, from a viewpoint of environ- 55 
mental protection, it is absolutely necessary to avoid a 
spill of raw water having been processed insufficiently 
due to the slow rise in the light amount of the ultraviolet 



rays. 

[0008] It is therefore an object of the present inven- 
tion to provide an improved low-pressure mercury vapor 
discharge lamp with a high lamp input density and long 
effective light emission length which requires only a low 
discharge-starting voltage such that it can light up with- 
out a very high voltage having to be applied thereto and 
which permits a rapid rise in a light amount of ultraviolet 
rays. It is another object of the present invention to pro- 
vide an ultraviolet-ray irradiating apparatus using such 
an improved low-pressure mercury vapor discharge 
lamp. 

[0009] According to one aspect of the present 
invention, there is provided a low-pressure mercury 
vapor discharge lamp which has an effective light emis- 
sion length not shorter than 40 cm and a lamp input 
density, per unit length of the effective light emission 
length, not lower than 0.9 W/cm and which contains at 
least mercury as a light-emitting metal and an activating 
rare gas. The low-pressure mercury vapor discharge 
lamp of the invention is characterized in that the mer- 
cury is provided in an amalgam with another metal and 
that the discharge lamp further includes a thin coating 
formed on a glass inner surface thereof for trapping a 
minute amount of the mercury. During lighting-up oper- 
ation of the low-pressure mercury vapor discharge lamp 
thus arranged, an appropriate amount of the mercury, 
corresponding to a temperature of the amalgam, vapor- 
izes, which contributes to a higher efficiency of ultravio- 
let ray emission. Once the low-pressure mercury vapor 
discharge lamp is turned off (caused to stop illuminat- 
ing), part of the mercury vapor returns to the amalgam 
while the remaining part of the mercury vapor present in 
the vicinity of the mercury-trapping thin coating is 
drawn, as grains of mercury, onto the thin coating on the 
glass inner surface of the discharge lamp. Thus, when 
the discharge lamp is turned on next, only a low dis- 
charge-starting voltage is required because of presence 
of mercury vapor from the grains of mercury sticking to 
the thin coating. In addition, the presence of the mer- 
cury vapor at the lighting-up of the discharge lamp 
achieves a quick rise in the light amount of the ultravio- 
let rays. Consequently, the low-pressure mercury vapor 
discharge lamp of the present invention can effectively 
avoid the inconveniences of the conventionally-known 
technique. 

[0010] Particularly, with the conventionally-known 
low-pressure mercury vapor discharge lamp whose 
effective light emission length is 40 cm or more, the nec- 
essary discharge-starting voltage would exceed 1 ,000 
V, and thus even more stringent safety would be 
required as specified by the technical standards for 
electric facilities and equipment, with the result that the 
discharge lamp tends to become more expensive. How- 
ever, the present invention can eliminate such a prob- 
lem because it can greatly lower the necessary 
discharge-starting voltage as compared to the conven- 
tional discharge lamp. Thus, the present invention 
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achieves great benefits when the basic principles 
thereof are applied to a low-pressure mercury vapor dis- 
charge lamp whose effective light emission length is not 
shorter than 40 cm. Further, where the lamp input den- 
sity is 0.9 W/cm or more, it would become difficult to 
attain an appropriate coldest temperature within the dis- 
charge lamp unless the mercury is contained in an 
amalgam state, even when the discharge lamp is lit up 
under low-temperature conditions with an atmosphere 
temperature of about 10° C. In such a case, the incon- 
veniences as discussed earlier would be encountered. 
However, the present invention can provide effective 
solutions to the inconveniences and therefore achieves 
great benefits when the basic principles thereof are 
applied to a low-pressure mercury vapor discharge 
lamp whose input density is not lower than 0.9 W/cm. 

[0011] In a preferred embodiment of the present 
invention, the thin coating for trapping a minute amount 
of the mercury includes, as its main ingredient, an oxide 
of at least one metal selected from a group consisting of 
aluminum (Al), silicon (Si), calcium (Ca), magnesium 
(Mg), yttrium (Y), zirconium (Zr) and hafnium (Hf). The 
oxide of each of these metals has a good heat resist- 
ance and chemical stability and thus can effectively 
function as the mercury-trapping thin coating. 
[0012] Further, according to the present invention, 
the amalgam may be secured to one or more locations 
of the glass inner surface facing the discharge space of 
the low-pressure mercury vapor discharge lamp. By the 
amalgam being thus secured to the glass inner surface 
facing the discharge space, the amalgam is exposed 
directly to the discharge space so that the temperature 
of the amalgam can increase relatively rapidly after the 
discharge lamp is turned on or lit up, which can promote 
vaporization of the mercury from the amalgam and thus 
even further promote the quick rise in the light amount 
of the ultraviolet rays. 

[0013] Further, the present invention provides an 
ultraviolet-ray irradiating apparatus which is character- 
ized by using the above-mentioned inventive low-pres- 
sure mercury vapor discharge lamp, as an ultraviolet- 
ray emitting source, to irradiate ultraviolet rays onto an 
object to be sterilized or disinfected. Because the inven- 
tive low-pressure mercury vapor discharge lamp can be 
activated with a low discharge-starting voltage and 
achieves a quick rise in the light amount of the ultravio- 
let rays and because it is designed as a high-density 
and elongated discharge lamp (with the lamp input den- 
sity of 0.9 W/cm or more and the effective light emission 
length of 40 cm or more), the ultraviolet-ray irradiating 
apparatus using the inventive low-pressure mercury 
vapor discharge lamp can work with extremely high per- 
formance and reliability. 

[0014] For better understanding of the object and 
other features of the present invention, its preferred 
embodiments will be described in greater detail herein- 
below with reference to the accompanying drawings, in 
which: 
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Fig. 1 is a side view, partly in section, of a low-pres- 
sure mercury vapor discharge lamp in accordance 
with a preferred embodiment of the present inven- 
tion; 

5 Fig. 2 is a histogram showing a discharge-starting 
voltage distribution measured for the low-pressure 
mercury vapor discharge lamp according to the pre- 
ferred embodiment in contradistinction with a dis- 
charge-starting voltage distribution measured for a 

to conventionally-known low-pressure mercury vapor 
discharge lamp; 

Fig. 3 is a histogram showing an ultraviolet-ray rise 
time distribution measured for the low-pressure 
mercury vapor discharge lamp according to the pre- 
15 ferred embodiment in contradistinction with an 
ultraviolet-ray rise time distribution measured for 
the conventionally-known low-pressure mercury 
vapor discharge lamp; 

Fig. 4 is a side view, partly in section, of a conven- 
er? tionally-known low-pressure mercury vapor dis- 
charge lamp; and 

Rg. 5 is a graph showing a vapor pressure curve of 
an indium-bismuth amalgam in contradistinction 
with a vapor pressure curve of mercury (pure mer- 
25 cury). 

[0015] Fig. 1 is a side view, partly in section, of a 
low-pressure mercury vapor discharge lamp L in 
accordance with a preferred embodiment of the present 

30 invention. Although only a left end portion of the dis- 
charge lamp L is shown in section to demonstrate an 
inner structure of the discharge lamp, it should be 
appreciated that a right end portion of the discharge 
lamp L has a similar inner structure. The low-pressure 

35 mercury vapor discharge lamp L of Fig. 1 includes a 
light-emitting tube portion 1 , glass stem portions 2a and 
2b, and cap or base portions 3a and 3b. I n the illustrated 
example, the light-emitting tube portion 1 includes a 
light-emitting tube bulb 1 1 formed of quartz glass and 

ao having an inner diameter of 22 mm and wall thickness of 
1 mm, and a thin coating or film 12 functioning to trap a 
very minute amount of mercury is formed on a glass 
inner surface of the light-emitting tube bulb 1 1 . The thin 
coating 12 comprises a substance having a good heat 

45 resistance and chemical stability, such as an aluminum 
oxide, which has fine projections and depressions, wrin- 
kles or folds or fine powders fixed thereto. Within the 
light-emitting bulb 11, a pair of filaments 21a and 21b 
are provided at opposite end portions of the bulb 1 1 and 

so spaced from each other, for example, by a distance of 
150 cm. Each of the filaments 21a and 21b has a bar- 
ium-oxide-based emitter fixedly attached thereto. Fur- 
ther, each of the bases 3a and 3b, which are made of a 
ceramic material, is provided with a pair of electric ter- 

55 minals 31 a and 31 b or 31 c and 31 d. 

[001 6] Describing in more detail the structure of the 
left end portion of the light-emitting tube portion 1 , the 
filament 21 a is retained by two inner leads 22a and 22b 
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extending, in a longitudinal direction of the lamp, from 
the corresponding glass stem 2a formed of quartz 
glass. The quartz glass stem 2a functions to electrically 
connect between the filament 21a and the electric ter- 
minals 31a, 31b by way of the inner leads 22a, 22b, 5 
molybdenum films 24a, 24b and outer leads 25a, 25b 
while attaining gastightness via its flare portion 26a and 
the molybdenum films 24a and 24b. Reference numeral 
13 represents an amalgam that is secured to the inner 
surface of the light-emitting tube butb 1 1 at a location 10 
spaced inwardly (toward the center of a discharge 
space) from the filament 21a by about 15 cm. The right 
end portion of the light- emitting tube portion 1 is con- 
structed in a similar manner to the above-described left 
end portion. Although not specifically shown, a further 15 
amalgam 13 may be secured to the inner surface of the 
light-emitting bulb 1 1 at a location spaced inwardly from 
the other filament 21b by about 15 cm. Namely, the 
amalgam 13 may be provided at one or more locations 
of the glass inner surface of the light-emitting tube bulb 20 
1 1 facing the discharge space. 

[0017] in the light-emitting tube bulb 1 1 , an activat- 
ing rare gas, such as an argon gas of one torr, is con- 
tained in a gastight manner. The amalgam 13 preferably 
comprises an indium amalgam whose mercury vapor 25 
pressure is suppressed further than the amalgam 
shown in Fig. 4, so that a sufficiently high ultraviolet-ray 
radiation efficiency can be maintained even at high tem- 
peratures in the range of 90° C - 100° C. Further, the 
thin aluminum-oxide coating 12, functioning to trap a 30 
very minute amount of the mercury, is previously formed 
on the bulb's glass inner surface before the filaments 
and glass stems are enclosed in the bulb 11. The thin 
aluminum-oxide coating 12 can be formed easily, for 
example, by first applying, to the bulb's glass inner sur- 35 
face, a suspension comprising fine aluminum-oxide 
powders and a binding agent suspended in butyl ace- 
tate. The thin coating 12 employed in the embodiment is 
very advantageous in that it can greatly increase the 
total area of the inner surface of the light-emitting bulb ao 
1 1 , by virtue of the fine powders and a greater amount 
of the mercury can be readily introduced between the 
fine powders. 

[0018] The following paragraphs describe results of 
experiments performed on the present invention. When 45 
the low-pressure mercury vapor discharge lamp L of the 
present invention, arranged in the above-described 
manner, was connected to a predetermined power sup- 
ply to be energized with an electric input of 300 W, the 
discharge lamp L could be lit up at a low voltage and so 
also accomplished a rapid rise in the ultraviolet ray out- 
put owing to the mercury vapor trapped on the thin alu- 
minum-oxide coating 12; more than 30 % of the input 
was radiated as 254 mn ultraviolet rays. Further, when 
an ultraviolet-ray irradiating apparatus, comprising a 55 
dozen of the inventive low-pressure mercury vapor dis- 
charge lamps arranged in the above-mentioned man- 
ner, was used to perform sterilization processing on 



running water, an extremely great amount, as much as 
5,000 tons per day, of the water could be appropriately 
processed continuously. Furthermore, prior to these 
experiments, the low-pressure mercury vapor discharge 
lamp L according to the described embodiment of the 
present invention was evaluated, in comparison with the 
conventional counterpart, for the discharge-starting 
voltage and ultraviolet-ray rise characteristics, from 
which it was ascertained that the inventive discharge 
lamp L could significantly improve the two characteris- 
tics as compared to the conventional discharge lamp. 

[0019] In addition, 100 low-pressure mercury vapor 
discharge lamps according to the described embodi- 
ment of the present invention ("inventive discharge 
lamps") and 100 conventional-type low-pressure mer- 
cury vapor discharge lamps (which are similar in struc- 
ture to the inventive discharge lamps except that they 
include no mercury -trapping thin coating) were fabri- 
cated on an experimental basis and evaluated for the 
discharge-starting voltage and ultraviolet-ray rise char- 
acteristics. Results of the evaluations are shown in Figs. 
2 and 3. More specifically, Fig. 2 is a histogram, cali- 
brated in 100 volts, of discharge-starting voltages eval- 
uated within a constant temperature bath of 20° C, from 
which it is clear that the inventive discharge lamp L 
could significantly lower the necessary discharge-start- 
ing voltage as compared to the conventional counter- 
part. 

[0020] Fig. 3 is a histogram, calibrated in five min- 
utes, of ultraviolet-ray rise times, which were evaluated 
by inserting each of the inventive and conventional-type 
discharge lamps in a water-cooled outer tube of quartz 
glass fixed to a steel flange, just as in an actual applica- 
tion, and then lighting up the discharge lamps. Quartz 
glass window was provided substantially at the center of 
the steel flange, through which the ultraviolet ray output 
was measured by a 254 nm meter so as to evaluate a 
time required for the ultraviolet ray output to reach 90 % 
of a predetermined output level attainable during stable 
illumination of the lamps. As apparent from the histo- 
gram of Fig. 3, the inventive discharge lamp L could 
greatly shorten the rise time and effectively reduce var- 
iations in the rise time as compared to the conventional 
counterpart. 

[0021] Now, a description will be made about a 
modification of the above-described embodiment of the 
present invention. Although the preferred embodiment 
has been described In relation to the case where the 
mercury-trapping thin coating 12 includes fine powders 
of an aluminum oxide, the thin coating 1 2 may comprise 
an oxide of another metal, such as silicon (Si), calcium 
(Ca), magnesium (Mg), yttrium (Y), zirconium (Zr) and 
hafnium (Hf). Namely, as long as the thin coating 12 
comprises, as its main ingredient, an oxide of at least 
one metal selected from a group consisting of alumi- 
num, silicon, calcium, magnesium, yttrium, zirconium 
and hafnium, the coating 1 2 can afford the same advan- 
tageous effect as set forth above (i.e., mercury-trapping 
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effect); thus, the oxide of any of the above-mentioned 
metals can be advantageously used. The thin coating 

12 may be formed on either the whole or part of the 
glass inner surface of the light-emitting tube bulb 1 1 . 
Further, the amalgam 13 may be provided at one or 5 
more desired locations of the bulb's glass inner surface 
facing the discharge space; in any case, the amalgam 

13 may be secured either directly to the bulb's glass 
inner surface or to the thin coating 12 formed on the 
glass inner surface. Furthermore, whereas the pre- 10 
ferred embodiment has been described above as hav- 
ing the effective light emission length of 150 cm, various 
modifications of the discharge lamp, of which the effec- 
tive light emission length is not shorter than 40 cm and 

the lamp input density per unit length of the effective 75 
light emission length is not lower than 0.9 W/cm, are 
also considered to be within the score of the present 
invention. 

[0022] Moreover, the present invention can also be 
applied to the so-called "electrodeless discharge lamp" 20 
having no filament. 

[0023] The basic principles of the present invention 
can also be applied to any other discharge lamp con- 
taining a mixed neon-argon (Ne-Ar) gas in a gastight 
manner. Namely, if it is only desired to lower the neces- 25 
sary discharge-starting voltage, filling the lamp with the 
mixed neon-argon gas will achieve the Penning effect 
while more or less sacrificing a life characteristic of the 
lamp, but the filling of the mixed neon-argon gas will not 
be useful for improving the ultraviolet ray rise character- 30 
istic. Therefore, if the basic principles of the present 
invention are applied to such a discharge lamp contain- 
ing the mixed neon-argon gas, i.e. if the mercury is pro- 
vided in an amalgam state and the thin coating for 
trapping a very minute amount of the mercury is formed 35 
on the glass inner surface of the light-emitting tube bulb, 
the ultraviolet ray rise characteristic can be improved 
effectively; thus, such a low-pressure mercury vapor 
discharge lamp containing the mixed neon-argon gas 
also falls within the scope of the present invention. 40 
[0024] In summary, the low-pressure mercury vapor 
discharge lamp of the present invention is characterized 
in that the mercury is provided in an amalgam with 
another metal and that a thin coating is formed on the 
glass inner surface of the lamp for trapping a minute 45 
amount of the mercury. During lighting-up operation of 
the low-pressure mercury vapor discharge lamp thus 
arranged, an appropriate amount of the mercury, corre- 
sponding to a temperature of the amalgam, vaporizes, 
which contributes to a higher efficiency of ultraviolet ray so 
emission. Once the low-pressure mercury vapor dis- 
charge lamp is turned off, part of the mercury vapor 
returns to the amalgam while the remaining part of the 
mercury vapor present in the vicinity of the mercury- 
trapping thin coating is drawn, as grains of mercury, 55 
onto the thin coating on the glass inner surface of the 
discharge lamp. Thus, when the discharge lamp is 
turned on next, only a low discharge-starting voltage 



suffices because of presence of mercury vapor from the 
grains of mercury adhering to the thin coating. In addi- 
tion, the presence of the mercury vapor at the initiation 
of the lamp illumination achieves a quick rise in the light 
amount of the ultraviolet rays. 

[0025] Further, where the basic principles of the 
present invention are applied to a discharge lamp with 
an effective light emission length of 40 cm or more, the 
present invention achieves a substantial cost reduction 
because it can lower the necessary discharge-starting 
voltage. Particularly, where the basic principles of the 
present invention are applied to a discharge lamp with a 
lamp input density of 0.9 W/cm or more, the discharge 
lamp can be activated with a lower discharge-starting 
voltage and can accelerate a rise in the ultraviolet rays 
while advantageously eliminating the inconveniences 
having heretofore been unavoidably encountered by the 
conventionally-known discharge lamps containing the 
mercury in an amalgam state. 

[0026] Furthermore, using the above-mentioned 
inventive low-pressure mercury vapor discharge lamp, 
the present invention can provide an ultraviolet-ray irra- 
diating apparatus which can work with extremely high 
performance and reliability, because the low-pressure 
mercury vapor discharge lamp can be activated with a 
lower discharge-starting voltage and achieves a quicker 
rise in the light amount of the ultraviolet rays and 
because the discharge lamp is designed as a high-den- 
sity and elongated discharge lamp (with the tamp input 
density of 0.9 W/cm or more and the effective light emis- 
sion length of 40 cm or more). 

Claims 

1. A low-pressure mercury vapor discharge lamp 
which has an effective light emission length not 
shorter than 40 cm and a lamp input density, per 
unit length of the effective light emission length, not 
lower than 0.9 W/cm and which contains at least 
mercury as a light-emitting metal and an activating 
rare gas, 

characterized in that the mercury is provided in an 
amalgam (1 3) with another metal and that said low- 
pressure mercury vapor discharge lamp further 
includes a thin coating (12) formed on a glass inner 
surface thereof for trapping a minute amount of the 
mercury. 

2. A low-pressure mercury vapor discharge lamp as 
claimed in claim 1 wherein said thin coating (12) for 
trapping a minute amount of the mercury includes, 
as a main ingredient thereof, an oxide of at least 
one metal selected from a group consisting of alu- 
minum, silicon, calcium, magnesium, yttrium, zirco- 
nium and hafnium. 

3. A low-pressure mercury vapor discharge lamp as 
claimed in claim 1 wherein the amalgam (13) is 
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secured to one or more locations of said glass inner 
surface facing a discharge space of said low-pres- 
sure mercury vapor discharge lamp. 

An ultraviolet-ray irradiating apparatus using a low- s 
pressure mercury vapor discharge lamp (L), as an 
ultraviolet-ray emitting source, to irradiate ultraviolet 
rays onto an object to be sterilized or disinfected, 

said low-pressure mercury vapor discharge w 
lamp (L) having an effective light emission 
length not shorter than 40 cm and a lamp input 
density not lowerthan 0.9 W/cm and containing 
at least mercury as a light-emitting metal and 
an activating rare gas, the mercury being pro- is 
vided in an amalgam (1 3) with another metal, 
said low-pressure mercury vapor discharge 
lamp further including a thin coating (12) 
formed on a glass inner surface thereof for 
trapping a minute amount of the mercury. 20 

A method of sterilizing or disinfecting an object, 
said method using a low-pressure mercury vapor 
discharge lamp (L), as an ultraviolet-ray emitting 
source, to irradiate ultraviolet rays onto the object 25 
for sterilization or disinfection thereof, 

said low-pressure mercury vapor discharge 
lamp (L) having an effective light emission 
length not shorter than 40 cm and a lamp input 30 
density not lowerthan 0.9 W/cm and containing 
at least mercury as a light-emitting metal and 
an activating rare gas, the mercury being pro- 
vided in an amalgam (13) with another metal, 
said low-pressure mercury vapor discharge 35 
lamp further including a thin coating (12) 
formed on a glass inner surface thereof for 
trapping a minute amount of the mercury. 
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